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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The prog¢edures used to develop this document and those intended for its further maintenance ate
describefd in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorialrules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attentioh is drawn to the possibility that some of the elements of this document may)be’the subject pf
patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Details pf
any patept rights identified during the development of the document will be in the Tntroduction and/¢r
on the IS0 list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does n¢t
constitufe an endorsement.

For an ¢xplanation of the voluntary nature of standards, the-mganing of ISO specific terms and
expressipns related to conformity assessment, as well as infermation about ISO's adherence to the
World Trfade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/
iso/foreword.html.

This dochment was prepared by Technical Committee ISO/TC 221, Geosynthetics.
Alist of 3ll parts in the ISO/TR 18228 series can be-found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body.[A
completg listing of these bodies can be found-at www.iso.org/members.html.
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Introduction

The ISO/TR 18228 series provides guidance for designs using geosynthetics for soils and below ground
structures in contact with natural soils, fills and asphalt. The series contains parts which cover designs
using geosynthetics, including guidance for characterization of the materials to be used and other
factors affecting the design and performance of the systems which are particular to each part, with
ISO/TR 18228-1 providing general guidance relevant to the subsequent parts of the series.

The series is generally written in a limit state format and guidelines are provided in terms of partial
aterial factors and load factors for various applications and design [1ves, where appropriate.

This document includes information relating to the reinforcement function. Reinforcemént'is pased on
the application of a tensile element and the interaction between the tensile elementsand the $oil mass
t¢ enhance the properties of fill soils either imported or in situ. Details of design methodologyladopted
it a number of regions are provided.

© IS0 2021 - All rights reserved v
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TECHNICAL REPORT ISO/TR 18228-7:2021(E)

Design using geosynthetics —

Part 7:
Reinforcement

Scope

hgineers involved in the design of structures in which a geotextile is used as reinforcement

1
This document provides general considerations to support the design guidance to geotechnical
e
pptential failure mechanisms are described, and guidance is proposed to select engineering prj

Normative references

2
The following documents are referred to in the text in such a way that some or all of thei
c
u

hdated references, the latest edition of the referenced document)(including any amendments]

[§0 10318-1, Geosynthetics — Part 1: Terms and definitions

3] Terms and definitions

QT

bply.

o

§0 and IEC maintain terminological databases for use in standardization at the following add

— ISO Online browsing platform:.available at https://www.iso.org/obp

—+ IEC Electropedia: available at http://www.electropedia.org/

31

reinforced soil

njaterial in which tensile elements act through interface friction, bearing or other means to
stability for in situ.s0il or other fills.

3|2
reinforced fill'structure
S

33|

K AMPLE Reinforced soil walls, bridge abutments and steep slopes.

il structure which would be unstable without the inclusion of tensile reinforcement elementsg

and civil
The key
operties.

content

bnstitutes requirements of this document. For dated references,only the edition cited applies. For

applies.

br the purposes of this document, the terms and definitions given in ISO 10318-1 and the flollowing

[esses:

improve

b

353
basal reinforcement

reinforcement element placed at the base of embankments or below foundations of buildings to provide
additional resistance to avoid foundation failure, control of settlements, to increase the amount of load

transfer onto rigid inclusions or spanning over voided zones.

3.4
veneer reinforcement

reinforcement of a relative thin layer of soil placed as surface layer on slopes, with the reinforcement

placed parallel to the slope.

© IS0 2021 - All rights reserved
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4 Design objectives

4.1 General

This document contains a summary of several worldwide codes and their recommended applications
for geosynthetic reinforcement. The main objectives of the summary are to increase designer/
consultant user knowledge of geosynthetic reinforcements and to provide references for appropriate

code sele

ction in each country.

material
resulting

for strugtures such as retaining walls, abutments, slopes and basal (foundation) reinforcements.

Other af

considerkd the reinforcement elements are always in tension and soils are fills.
Reinforcpment applications considered in this document include:
— Reinfforced fill structures (as shown in Figures 1 and 2) to create:

— Vertical, battered or inclined earth retaining walls,

— reinforced steep slopes.

TroTr-cerrerre

to act through interface friction and/or bearing to improve the characteristics ofthe
soil mass. Soil reinforcements for this section are limited to uniaxial analysis considerations

forcamant” ic 2 ganaral tarm faor tancila alamoente ucad with nlacad ar in citn cail ar oth r
HS—a-geRear—te 1o+ isir et Sea— A e-prace eSS 0—6+ e

plications requiring multiaxial analysis are not considered in this section. The.applications

oad bearing structures like bridge abutments,
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a) Wall b) Abutment

Figure 1 — Walls and abutments

Figure 2 — Reinforced slopes

— Basal reinforcement for embankments (as shown in Figure 3) in various situations:

— embankments in soft soils,

— embankments on network of vertical inclusions of multiple nature,

— embankments overbridging voids.

© ISO 2021 - All rights reserved
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a) Basal reinforcement b) Basal mattress

Eg Gt o ot

s L

¢) Piled embankments d) Reinforcement over areas prone to supsidence

Figure 3 — Basal reinforcement

- Veneer reinforcement (as shown in Figure 4):
— landfill closures,

— shallow slope remediation.

Figure 4 — Veneer reinforcement

he applications for geosynthetics in road pavements and geosynthetics placed within the aggregate
hse are not covered here as they will be discussed in the part of the ISO 18228 series fodqusing on
stabilization.

o~

—3

he design ebjective is to provide a reinforced soil structure which performs the specified task of a
stable structure which satisfies the required serviceability conditions for the full design life.

4.2 “Design life

The design life of a structure essentially defines the design strength properties of the reinforcing
elements. Typical design lives can vary from a few years for temporary structures up to 100 to 120
years for permanent structures, different values are specified in different countries. The design life
of a structure is not necessarily the same as the time over which the geosynthetic reinforcement is
required to carry the load. In applications, such as basal reinforcement over soft soils the reinforcement
requirement may reduce as the soft foundation soil increases in strength due to consolidation.

4.3 Soil interaction
For soil reinforcement to be effective it needs to interact with the soil to absorb the stresses and strains

which would otherwise cause the unreinforced soil to fail. The precise mechanisms by which this
interaction occurs will be affected by the characteristics of the soil, be it fill or natural ground, the

© IS0 2021 - All rights reserved 3
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characteristics of the reinforcement, and the relationships between these two sets of characteristics
and the load regimen. Considering a geosynthetic-reinforced soil structure, the reinforcement’s action
is triggered through different soil-geosynthetic interaction mechanisms, which differ depending on the
ultimate limit state arising (i.e. sliding of a reinforced soil portion along a geosynthetic layer or pull-out
of a reinforcement). The evaluation of the interaction factor between a reinforcing element and the soil
is derived directly from large scale pull-out tests as described in international standards or indirectly
from shear box testing. All interface results need correct interpretation under the specific code to be
used and engineering judgment to be deemed applicable to a particular structure.

4.4 Temsitecapacity

The tengjile capacity of a geosynthetic is determined from laboratory testing. The short-term strength
which is|used for specification and quality control is determined from index testing in accordanee with
ISO 10319. The long-term strength which forms the basis of the design of a reinforced soil,structure |s
determined in accordance with ISO 13431.

4.5 Rdduction factors and design strength

Once thelong-term strength of a material has been established the relationship,between the index teft
strength| and the ultimate creep strength can be determined and applied*to’the index strength as
“creep fdctor”. This is the first of several factors needed to be applied to determine the actual desig
strength|to use in calculations. These factors have been established and'are described in ISO/TR 2043

=)

The additional reduction factors which are typically applied are:
a) factgrs to allow for installation damage,

b) facters for durability (these encompass weathering, chemical, biological and environmenthl
effeqts),

c) factgrs to allow for extrapolation of test data.

There may be additional factors applied in somie countries, such as seismic zones, and these are specifigd
in Natiorjal Documents.

ISO/TR 30432 gives guidance on the derivation and application of these factors to determine the design
strength| to be used in design covering issues of design temperature and design life. However, in marjy
cases specific instructions of how to derive reduction factors may be included in the referred Nationgl
Document.

5 Locpl design conisiderations

5.1 Gdneral

The des¢riptions of local requirements given in this clause are not exhaustive and represent the
informatiérmavailable at the time this document was prepared. Designers are normally expected to he
aware of the local requirements in the region in which they are working.

5.2 Scandinavia

The current guidance is given in Nordic guidelines for reinforced soils and fills and is based on the
principles of EN 1997.

The purpose of the Scandinavian Guide is to increase the knowledge of the techniques and applications
for soil reinforcement. It is stated that soil reinforcement structures are more economical applications
than traditional structures for the same application. The applications discussed in the guide are:

— vertical walls and slopes,

4 © IS0 2021 - All rights reserved
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— embankments on soft soil,
— embankments on improved soil,
— soil nailing.

All these applications will be included in the revision of EN 1997 Eurocode 7.

5.3 Germany

Tjie current guidance in Germany is to be found in Recommendations Jor design and anatysi
structures using geosynthetics (EBGEQ). It has been developed to follow the vocabulary of EN, 19
bpsed on the principles of DIN 1054:2005-01.

The applications that are covered by the document are wider ranging than BS 8006-1 in {
ifjclude:

a) reinforced foundation pads,

b) landfill engineering in particular landfill cover and veneer reinforcement,

c] geotextile encased columns,

d) a brief description of trafficked areas based on the Giroud and Noiray[1Zl work,
e] considerations of dynamic loading conditions.

I addition to the applications of:

1) retaining structures,

2) embankments over soft foundation soils,

3) reinforced earth structures over pointor linear bearing elements.

p—

the design of retaining structures(he differentiation depending on face angle which is in B
i not the case and the design apptogach is independent of the face angle.

of earth
97 butis

hat they

S 8006-1

The revision of EN 1997 Eureeode 7 will not, in the first instance include geotextile encased columns or

re¢inforced foundation pad ‘and will not include any trafficked areas whether permanent or te
phved or unpaved, but wilFinclude all other applications.

5{4 France

The currentstandard is NF P94-270, which is limited to applications for reinforced soil in loag
abutments;vertical walls and steep and less steep slopes, and soil nailing. Additional applicatid
geosynthetics are consigned in NF G 38-064 and NF G 38-067.

n-seismic and low seismic zones are allowable but reference to other standards is requ

mporary,

bearing
ns using

hired for

Fl i o o oo 3
au_y CITITg TTIOTC ST VeT e

5.5 United Kingdom

The present code of practice in the United Kingdom is BS 8006-1, which provides a guide and
recommendations for the application of reinforcement applications to soils, as fill or in situ, and to other

fills. The design approach is limit state and provides guidelines for the selection of partial mat
load factors for applications and life span.

erial and

The code differentiates between extensible and inextensible reinforcement by applying a limiting strain
value of 1 % at the design load. Hence a reinforcement that will sustain a strain of greater than 1 % at
the design load is defined as extensible and therefore a reinforcement that will sustain a strain less
than 1 % at the design load is defined as inextensible. These definitions are then used as in the US Code

© IS0 2021 - All rights reserved
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